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▼Cell biologists eager to learn more about the functions
of specific proteins in living cells have rapidly generated
fluorescent protein chimeras using the recently discovered
green fluorescent protein (GFP) (Ref. 1, 2, 3). Transient or
stable transfection is typically used to express such pro-
tein chimeras in cells. Video or confocal microscopy then
serves as a convenient means of monitoring the subcellular
distributions and the dynamics of the fluorescent protein
chimeras in living cells. A thermo-controlled microscope
stage is a necessity for applications where the dynamics
of biological processes are to be observed because most
processes exhibit a sharp temperature dependence (Ref. 4).
Under certain circumstances it is also useful to be able to
perform temperature-shift experiments that call for rapid
heating or cooling of samples. Commercially available sys-
tems for maintaining samples at constant temperature are
frequently very expensive or require special culture dishes
and/or stage adapters. Furthermore, rapid temperature tran-
sitions are difficult to achieve. Additional information on
commercially available systems and specifications may be
obtained from Zeiss, Inc. (800-233-2343); Bioptechs, Inc.
(412-282-7145); Medical Systems Corp. (516-621-9190);
and Plastek Cultureware (800-634-9018).
Here we present instructions for the assembly of a sim-
ple, affordable controlled-temperature microscope slide for
live cell viewing. Because a Peltier device is used for tem-
perature adjustment, rapid heating and cooling of the sam-
ple can be achieved. The slide assembly we have designed
can serve as a carrier for cells grown on conventional cover-
slips andmaintains a temperature-controlled environment,
while the cells are bathed in any suitable medium. The de-
vice allows temperature settings ranging from 4◦C to 50◦C
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and maintains the selected temperature stably to within
0.1◦C. The controlled-temperature microscope slide was de-
signed using components readily available from electronic
parts suppliers and was assembled in conjunction with our
in-house machine and electronics shops. The total cost in-
cluding parts and labor ($225) amounted to $700. The final
assembly (without the fan) can be accommodated by the
standard slide holder on most fluorescence or confocal mi-
croscope stages and can be used on inverted and on upright
microscopes.
The controlled-temperature slide was made of stainless
steel and had dimensions similar to a conventional micro-
scope slide. A hole just off-center was machined in the slide
to hold the cell bathing medium (see Fig. 1a). Coverslips
were attached to the slide by vacuum grease applied around
the perimeter of the hole. Because the system is completely
sealed, evaporation and CO2 fluctuation are minimized. A
groove was cut out to hold the temperature probe. A single
Peltier element was attached to the flat side of the stainless-
steel slide, on top of which was mounted a heat sink and
an optional fan (see Fig. 1b). A modified assembly suitable
for use with transmitted light as well as for epifluorescence
applications is shown in (Fig. 2), but as shown its use is
limited to an inverted microscope.
The slide assembly was connected to the temperature
controller through an extension cord as shown in (Fig. 3). A
commercial proportional, integral and derivative (PID) con-
troller, a power amplifier and supply were added as shown
to complete the assembly of the controlled-temperature
slide device. (Fig. 4) shows photographs of the slide assem-
bly from all sides and in use on inverted and on upright
microscopes.
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FIGURE 1. (a) The design of the stainless steel slide. All dimensions are given in inches and additional details are described in the text. (b) Assembly of
the controlled-temperature slide. A Peltier heating/cooling device, a heat sink and an optional fan unit are mounted on the flat surface of the stainless
steel slide, as illustrated. This assembly, without the fan, can be used on upright and inverted microscopes.
System requirements
The stainless-steel slide, 1.2 × 3 × 0.25 inches (W × L × H),
was machined by our in-house machine shop (Instrument
Shop, Northwestern University, Evanston, IL). A hole, 0.6
inches in diameter and 0.05 inches in depth, and a groove,
0.6 × 1.2 × 0.08 inches (W × L × H), were machined on
one face of the slide as illustrated in (Fig. 1a). Any profes-
sional machine shop is capable of producing this relatively
simple design. The Peltier element was a ThermaTECmodel
HT2-12-30 (Melcor, Trenton, NJ). There are a series of dif-
ferent models with different size and power specifications
available from this vendor and a center-holed model is also
available, which is suitable for applications requiring trans-
mitted light as shown in (Fig. 2). The Peltier element was
sealed with silicone rubber adhesive sealant (RTV108) to
prevent moisture condensation. A thin layer, [cement-on
RTDmodel SRTD-2:G1 (Omega Engineering, Stamford, CT)]
served as our temperature probe. Heat sink and fan were
purchased from Newark Electronics (www.newark.com). A
PID controller with analog heating output was used [model
Eurotherm 2216 (EK Systems, Elk Grove, IL)]. Should tem-
perature ramping or programming be required, model 2416
can be used. Other controllers with PID control and analog
output can also be used. For example, Omega Engineering
(Stamford, CT) offers a wide range of models. The power
amplifier we used was a PA10 from Apex Microtechnology
Corp. (Tucson, AZ) (Ref. 5) with a ± 15 VDC, 3 A power
supply.
Assembly of the stainless-steel slide and the
temperature controller
The RTD temperature probe was fixed into the groove on
the stainless-steel slide using thermal epoxies (TCE-002,
Melcor, NJ). To assemble the sandwich as in (Fig. 1b), first
a thin layer of thermal grease (TG001, Melcor, NJ) was ap-
plied to the surface of the Peltier element. Then the element
was attached onto the slide surface and was oscillated back
and forth while pressing down. The heat sink was simi-
larly attached to the Peltier element. Finally, two plastic
screws were used to fasten the entire assembly together.
The assembly for transmitted light is fastened together in
an analogous fashion (Fig. 2). The solution level in this as-
sembly should not exceed the depth of the slide (indicated
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FIGURE 2. A modified assembly for applications requiring transmitted light. A hole is bored through the stainless steel slide and this is then affixed to a
commercially available central-holed Peltier device. A custom hole through the heat sink is aligned at the top of the assembly and sealed with a coverglass
to minimize evaporation. Solutions added to the chamber should not exceed the height of the slide unit (dashed line). The use of this assembly as shown
is limited to an inverted microscope.
by a dashed line in Fig. 2) and a cover is recommended
to reduce evaporation. A fan was useful for rapid cooling,
when the temperature differential exceeded 20◦C, and for
maintaining temperatures below 9◦C (see Fig. 1b). These
conditions caused the heat sink to get very hot and the fan
assisted in the dissipation of the excess heat. If large tem-
perature changes or very low temperatures are not required
the fan can be omitted, because the added height of the
fan limits the use of such slide assemblies to inverted mi-
croscopes. In any case, the fan should be turned off during
imaging periods to avoid vibration problems.
The temperature controller was assembled as shown in
(Fig. 3). The RTD temperature probe monitored the actual
temperature of the slide. The controller unit compared the
set temperature with the actual temperature and gave a 0 to
10 VDC analog output, thereby controlling the power am-
plifier. The power amplifier output ranged from −12 to +12
VDC andwas linearly proportional to the analog output sig-
nal received from the controller unit. Heating or cooling by
the Peltier element was in turn dictated by the input posi-
tive or negative voltage, respectively. The interface between
the controlled-temperature slide assembly and the control
unit was bridged by an extension cord, which made it easy
to move the slide assembly independently. The fan was
powered by a separated 12 VDC power supply and could be
turned off when not needed.
FIGURE 3. Assembly of the power supply and controller. An extension cord allows the connection of the controlled-temperature slide to the
temperature controller and power supply as shown.
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FIGURE 4. Photographs of the complete assembly and its component parts. (a) View of microscope slide assembly top-down from the fan side. (b) View
of the microscope slide assembly showing the stainless steel slide with round culture-medium chamber and temperature probe mounted in groove to the
left. (c) Side view of the microscope slide assembly with fan unit on top and stainless steel slide on bottom. (d) The bench-top unit containing the
temperature controller and power amplifier shown in use with a Zeiss inverted confocal microscope (model LSM410). Inset depicts the microscope slide
assembly mounted on the stage of the Zeiss LSM410. (e) The microscope slide assembly mounted without the fan on the stage of an upright Zeiss
Axiophot microscope.
Fine tuning of the temperature controller
The heat load of the controlled-temperature slide assembly
was low, about 5 watts/◦C during temperature changes, and
about 2 watts to maintain a set temperature. The maximum
heating and cooling outputs of the Peltier element we
selected were about 35 and 15 watts, respectively. The
temperature change was fast when the Peltier element
was on full power, but under these circumstances it was
very difficult to maintain a set temperature accurately. To
achieve a prompt temperature adjustment and a stable
set point, a PID controller was used. The proportional
controller decreased the power being applied to the
heater/cooler when the temperature approached setpoint.
This had the effect of slowing down the heating/cooling so
that it did not overshoot the setpoint, maintaining a stable
temperature. The wider the proportional bandwidth, the
lower the chance of overshooting the desired setpoint tem-
perature. We used a proportional bandwidth of 7◦C, which
provided less than 1◦C overshoot and very fast temperature
adjustments.
Another important feature of the PID controller is its in-
tegral action. Heat loss or gain from the environment will
affect the actual temperature over time and constant reset-
tingwill result in temperature oscillation. A convenient way
to overcome this is to operate the heater/cooler at a slow
rate just enough to compensate the heat gain/loss. The in-
tegral action collects the temperature drift over a period of
time and uses the average to adjust the proportional band,
which results in a stable set point. We found an integral
time of 10 seconds acceptable, but numerous other settings
are programmed into commercial PID controllers, which
allows adjustment according to specific application needs.
Summary
The controlled-temperature microscope slide de-
scribed herein represents the first low-cost device that
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Table 1. Characteristics of several thermo-controlled microscope devices.
Characteristics Medical System Inc. Biopstar Inc. Feng Unit*
Heating RT to 50◦C ± 0.1◦C RT to 50◦C ± 0.2◦C RT to 50◦C ± 0.1◦C
Cooling N/A Requires cooling ring and chilled water
bath
4◦C to RT ± 0.1◦C
Temperature adjustment Slow Fast Fast (RT to 37◦C in 20 s)
CO2regulation Possible Possible Possible
Inverted or upright
microscope
Inverted only Inverted only Both (design in Fig. 1)
Special stage Yes Yes No
Special culture dish Yes (Plastek
Cultureware,
non-reusable)
Yes (Delta T dishes, non-reusable) No (Conventional coverslip)
Transmitted light Yes Yes Possible (design in Fig. 2)
Epifluorescence Yes Yes Yes
Medium exchange Possible Possible Possible (design in Fig. 2)
∗Controlled-temperature microscope slide described in this article. RT, room temperature.
accommodates conventional coverslips and allows rapid
heating and cooling, without additional specialized equip-
ment. (Table 1) provides a comparison of our device with
other commercially available systems. Our assembly was
designed for studying live cells over the course of several
hours and is particularly suitable for temperature-shift
experiments. The assembly can be adapted for applications
requiring perfusion or medium exchange by adding inlet
and outlet ports to the sample chamber. The use of Hepes-
buffered medium, adjusted for atmospheric CO2, was
adequate for pH control over the short term. For long-term
studies of live cells at constant temperature and CO2 bal-
ance, an alternative system might be more suitable (Ref. 4).
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Products Used
ThermaTEC model HT2-12-30: ThermaTEC
model HT2-12-30 from Melcor
cement-on RTD: cement-on RTD from Omega En-
gineering
cement-on RTD: cement-on RTD from Omega En-
gineering
Eurotherm 2216: Eurotherm 2216 from EK Sys-
tems
PA10: PA10 from Apex Microtechnology Corp
Thermal epoxies: Thermal epoxies from Melcor
thermal grease: thermal grease from Melcor
microscope (Stemi 2000): microscope (Stemi
2000) from Leica Microscopy & Scientific Instruments
Group
microscope: microscope from Carl Zeiss
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